Abstract. Coal is the major energy source in China's electric power industry. Raw coal consumption for thermal power generation accounts for 50% in national total coal consumption. Therefore, the reduction of the energy consumption of the electric power industry is of great significance in improving China's energy efficiency. The paper made an analysis on the changes of the energy consumption of China's electric power industry as well as the effects and the efforts made to improve the energy efficiency of the industry. Related research indicates that, the energy saving of the electric power industry involves the optimization of the energy structure for power generation, the improvement of efficiency of energy conversion, electric energy transmission, and electric power consumption services. The purpose of this paper is to reduce energy consumption in power industry and improve energy efficiency. In this paper, the method and process are mainly to solve the problem, research our country electric power industry main problems of the energy-efficiency, analyzing the change of the power plants total energy conversion efficiency and thermal efficiency data, combined with the government's macroeconomic management and market leading of the allocation of resources to realize the energy saving of the power industry. The main conclusions of this paper is, to complete our country electric power industry technology innovation system construction, efforts to improve the efficiency of energy utilization, promote the development of renewable energy, formulate incentive policies to encourage energy conservation service company involved in electric power industry, promote and power consumption in power transmission services; Innovation point is, this article puts forward the industrial structure optimization is an important way for energy saving and emission reduction, promote industry through the establishment of our country electric power industry technology innovation system, promote the conversion rate optimization of energy efficiency of the power industry.
Introduction
China's continuous and rapid economic growth has driven continuous increase of energy power consumption. In 2013, the total electricity consumption of China reached 5.32 trillion kW·h, while installed power-generating capacity reached 1.247 billion kW, exceeding that of the USA for the first time and ranking the first in the world. The installed coal-power-generating capacity reached 790 million kW. In 2013, investment made in thermal power projects reduced by 59.1% compared with that in 2005; its proportion in the total investment in power generation reduced to 25.0%, with a drop of 45.4 percentage points compared with that in 2005. The investment in coal power projects accounted for 19.6% of the total investment in power generation. New achievements have been made in the adjustment of the power source structure. The installed capacity for power generation with clean energy sources, such as hydropower, nuclear power, grid-connected wind power and solar power, has a faster increase than that for thermal power, accounting for about 28.5% of the total installed capacity of China (China National Stats Condition 2014).
Coal is the major energy source in China's electric power industry. The raw coal consumption for thermal power generation accounts for 50% of the total coal consumption of the whole country. With 2005 as a benchmark year, from 2006 to 2012, the electric power industry totally saved about 1.282 billion tons of standard coal and reduced emission of carbon dioxide by 3.56 billion tons, achieving obvious improvement in energy efficiency. The coal consumption for power supply was reduced to 321 gce/kW·h in 2013, contributing the most (about 52%) to the improvement of the energy efficiency of the electric power industry, the development of non-fossil energy contributed about 46% , the reduction of power grid loss rate contributed about 2% (China National Stats Condition 2014). The improvement of the energy efficiency of the electric power industry is of great significance in improving China's energy efficiency. China has decided to build a resource-conserving and environment-friendly society, which is considered as a basic pattern of the moderately prosperous society in an all-round way, and energy saving and emission reduction have become important strategies for China to promote a scientific economic and social development. In China, the improvement of energy efficiency greatly relies on that in the electric power industry. With continuous expansion of the industry, energy consumption and efficiency improvement in this industry have been attached great importance by the Chinese government (Shang and Zhang 2007; Shang 2009; Wang et al. 2007 ).
In terms of physical characteristics, the electric power system can be divided into four sectors: power generation, power transmission, power distribution and power marketing (Wang and Jiang 2011) . Many domestic and foreign scholars have made a variety of researches on the energy efficiency of the electric power industry from different perspectives. For example, Lin Boqiang and some other scholars made related researches by using DEA, co-integration analysis and error correction model (Lin 2003 The paper includes the analysis on the energy consumption and efficiency improvement in the electric power industry from the perspectives of power generation, power transmission and distribution and electric power demand side. The second part includes the analysis on the changes of the energy consumption in this industry; the third part includes an introduction to the effects of energy saving in this industry; the fourth part lists the main problems in the process of the energy saving in this industry; the fifth part puts forward related countermeasures for China's electric power industry to further improve the effects of energy saving.
Changes of Energy Efficiency in the Electric Power Industry

Changes of Overall Energy Conversion Efficiency and Thermal Efficiency at Power Plants
Since 2007, the structure of fuel consumption for power generation of China has been increasingly optimized. The proportion of raw coal and fuel oil consumption in the total fuel consumption for power generation has been reduced, while the proportion of gas consumption has been increased. In the annual fuel consumption of the thermal power plants with capacities of 6,000 kW and above, the consumption of raw coal, fuel oil, fuel gas and other fuels respectively accounted for 95.51%, 1.46%, 2.03% and 1% of the total fuel consumption. The proportion of raw coal consumption had a drop of 0.61 percentage point compared with that in 2012, while that of fuel oil consumption had a drop of 0.38 percentage point, and that of gas consumption had an increase of 0.53 percentage point (Cherni and Kentish 2007) .
In 2012, the overall efficiency of energy conversion at power plants with capacities of 6,000 kW and above was 45.03%, up 0.15 percentage point over the previous year; the thermal efficiency of these power plants was 49 
Changes in Coal Consumption for Power Supply
Since 2007, because that many small thermal power units have been shut down and large-capacity and high-efficiency power units have been put into production, the coal consumption of thermal power units for power supply has been greatly reduced. In 2007, a total of 553 small thermal power units with total capacity of 14.38 million kW were shut down throughout the country, over-fulfilling the goal set early that year by the National Development and Reform Commission to shut down small thermal power units with total capacity of 10 million kW. Of these closed power units, 256 belonged to the five major power generation corporations of China, with total capacity of 10.52 million kW, accounting for 73.1% of the total capacity of the closed power units; 297 belonged to private and other enterprises, with total capacity of 3.86 million kW, accounting for 26.9% of the total capacity of the closed power units. Shandong, Henan, Guangdong, Jiangsu and Shanxi ranked the top 5 in terms of the capacity of closed power units, which totally accounted for 46.6% of national total. In 2008, small thermal power units with total capacity of 16.69 million kW were shut down, over-fulfilling the goal of that year. The total capacity of the closed small thermal power units of the five major power generation corporations reached 2.72 million kW, accounting for 16.3% of national total. The total capacities of small thermal power units shut down in 2010, 2011 and 2012 were 13.05 million kW, 9.55 million kW and 6.16 million kW. The shutdown of these small thermal power units plays an important role in improving the technological and economic indicators of the electric power industry, promoting the optimization of the structure of the industry and fulfilling the goals for energy saving and emission reduction. In 2012, the coal consumption of power plants with capacities of 6,000 kW and above for power supply was 325 gce/kW·h, with a decrease of 4 gce/kW·h over the previous year; the coal consumption for power generation was 305 gce/kW·h, with a decrease of 3 gce/kW·h over the previous year. The figure 
Changes of Auxiliary Power Consumption Rate of Power Plants
Auxiliary power consumption rate of power plant refers to the percent ratio of unit power consumption to power generation at a power plant. The lower it is, the better the effect of energy saving and consumption reduction is. Table 1 below for the auxiliary power consumption rate of these developed countries. 
Changes in Power Grid Loss Rate
Power grid loss rate refers to the percent ratio of electric energy lost in power grid (power grid loss load) to electric energy supplied to the power grid (power supply load). The lower it is, the more cost-efficient the power system operation is and the better the effect of energy saving and consumption reduction is. With continuously expanded application of efficient and advanced technologies and equipment and optimization of the power grid structure, the power grid loss rate has been declining. In 2012, the power grid loss rate of China was 6.74%, with a drop of 0.23 percentage point over that in 2007 (China Electricity Council 2014).
Although there is great difference in the statistics of the power grid loss rate in different areas due to the lack of unified statistic standard, the international data can be used as reference. In 2006, power grid loss rates of Republic of Korea(ROK), Japan, Germany and Italy were all lower than 6%; that of the USA, Australia, France and Sweden were between 6% and 8%; that of the UK, Canada and Spain were between 8% and 10%; that of Mexico and Poland were higher than 10%. In 2007, the power grid loss rate of China was 6.97%, quite similar with that of the USA, France and Sweden in 2006 (China Electricity Council 2014). (See Table 2 ) 
Effects of Improvement of Energy Efficiency in China's Electric Power Industry
Since 2007, the electric power industry has been promoting the energy saving in the industry in a comprehensive way, including shutting down small hydropower generating units, developing renewable energy sources, extending and applying new technologies and improving transmission capacity of power grid, to continuously optimize the structure of the electric power industry. The energy efficiency has been greatly improved. This has made outstanding contribution to the fulfillment of the national goal for energy saving and emission reduction. The improvement of energy efficiency in China's electric power industry should mainly focus on the power generation side and the power grid side. In 2011, the coal consumption for power supply of China's thermal power plants with capacities of 6,000 kW and above reduced by 4 gce/kW·h, reaching the world advanced level, equal to saving 15.6 million tons of standard coal throughout the year and reducing carbon dioxide emission by 43.37 million tons; the national power grid loss rate was 6.52%, with a drop of 0.01 percentage point compared with that in 2010, equal to saving 110,000 tons of standard coal throughout the year and reducing carbon dioxide emission by 290,000 tons (Wang 2013) . Compared with that in 2011, the national coal consumption for power supply of the thermal power generating units reduced by 4 gce/kW·h in 2012, with a drop of national power grid loss rate of 0.23 percentage point (Wang 2013) .
Main Problems in Improvement of Energy Efficiency in China's Electric Power Industry
The
to fully carry forward the principle of "energy-saving, clean and safe development" among the enterprises engaged in coal-fired power generation (Wang 2013 ). Since 2000, the electric power industry of China has been practicing the energy saving policies on basis of various indicators. Energy saving has been carried out in the electric power sector throughout the country. The enterprises engaged in this industry have made remarkable achievements in energy saving after overcoming a variety of difficulties. However, there are still some urgent problems.
Excessively Relying on Administrative Measures while Lacking of Sufficient Market Adjustment
The energy saving in the thermal power generation sector needs the support of corresponding price policies. However, it cannot be realized by totally adopting compulsory administrative measures. Under the program of "Energy Saving and Low Carbon by 10,000 Enterprises", the local governments adopted the sweeping approach to require all the electric power enterprises under the program to fulfill the target and reduce their energy consumption by at least 15% during the 12 With the fast economic growth, there is increasingly sharp conflict between economic development and resources and environment. So, acceleration of economic restructuring and transformation of growth mode have become the major options for a sustainable development. The Chinese government pays high attention to energy saving and pollutant emission reduction. The electric power industry is one of major support forces for the economic and social development of China. With continuous expansion of the industry, more and more problems concerning the energy consumption and pollution of the industry have been exposed. In the short term, to fulfill the goal for energy consumption per unit of GDP, compulsory administrative measures should be the most effective measures. However, experience of many developed western countries indicates that market mechanism is actually the fundamental institutional arrangement for establishing long-term effective mechanism for energy saving and emission reduction. Considering that China is transiting from planning economy to market economy, the functions of market in resource allocation and energy saving and emission reduction have not been made part of the normative system, there are complicated situations and difficult tasks. Currently, the energy saving in China's electric power industry still relies too much on administrative measures. Therefore, the market functions should be enhanced.
Priority Development of Renewable Energy Sources Encounters Policy and Institutional Obstacles
China has rich renewable energy sources, with water energy resources and technologies supporting the development of 540 million kW of hydropower, wind energy resources supporting the development of about 4 billion kW of wind power, and solar energy resources covering two thirds of the land area of the country. There are vast gobi and deserts for construction of solar power stations. Annual available biomass resource is equivalent to more than 400 million tons of standard coal. In addition, there are abundant geothermal energy and marine energy resources, both with very good utilization prospects (Yuan and Xu 2012) . In recent years, the development of renewable energy sources of China has attracted worldwide attention. However, renewable energy consumption still accounts for a very small proportion of the total energy consumption in China, and the total installed capacity of renewable energy power generation also account for a small proportion in the national total installed capacity (see Fig.4 ). In addition, high wind curtailment during wind power operation results in shortened wind power equipment utilization time The Renewable Energy Law of the People's Republic of China was taken into effect on January 1, 2006. On December 26, 2009 , the Amendment to the Renewable Energy Law was adopted to make modifications of the original law. It was taken into effect on April 1, 2010. The implementation in recent years indicates that, the policy and institutional obstacles for the development of renewable energy sources make it hard to completely realize indemnificatory full purchase of electric power generated with renewable energy sources; there are not enough incentive mechanisms for power grid enterprises, which therefore did not make power dispatching by completely following the energy saving principles; the lack of reform of the electric power system has impact on the development of renewable energy sources (Aslani et 
Lack of Incentive Mechanism for Power Demand Side
Although demand side management (DSM) has been widely applied in the electric power sector of China, there are still many unsolved problems during a short period.
The first is the lack of support by laws and regulations. China now has very few relevant laws and regulations. Of the existing laws and regulations, only the Energy Conservation Law of the People's Republic of China and the Electric Power Saving Management Measures are related to DSM.
The second is that the lack of effective economic incentive policies greatly weakened the effect of the practice of DSM (Liu 2013; Zhang 2009 ). Take energy saving lamp for example, the power consumption for lighting of China accounts for about 12% of the national total power consumption. So, there is great potential for promoting efficient lighting products, improving lighting power consumption efficiency and saving energy and reducing emission. Since 1996, China has carried out the green lighting program. In 2008, the Chinese government began to provide financial subsidies for promotion of efficient lighting products. In 2009, the Opinions on Development of Energy-Saving LED Lighting Industry was issued. In 2011, the Roadmap of China to Phase out Incandescent Lamps was released to promote the structural optimization of the lighting industry and seek for a sustainable development. It was estimated that, 48 billion kW·h can be saved each year if all incandescent lamps were taken the place by energy-saving lamps, equal to a reduction of carbon dioxide emission of about 48 million tons. If more LED products are used, the effect of energy saving will be better (Liu 2013 ). The application of LED products promotes load shifting during peak time, regulating the load during the peak and valley times and improving the load rate.
Suggestions for Improving Energy Efficiency in Electric Power Industry
Combination of Government's Macro Management and Market-led Resource Allocation
Energy saving in the electric power industry can be realized by taking advantage of the market system, related policies and laws as well as administrative measures. Market allocation and price mechanism can be used to guide the energy saving in the electric power industry, such as energy efficiency management; government policy support can be used to motivate the energy saving, such as DSM, financial subsidies and tax measures to encourage technical innovation for energy saving; administrative measures can be used for the enforcement of energy saving (Yu 2010; ). Experience of many developed western countries indicates that market mechanism is actually the fundamental institutional arrangement for establishing long-term effective mechanism for energy saving and emission reduction. The energy saving in the electric power industry of China must be based on its own characteristics and give full play to the functions of the government and the market to form up effective energy saving portfolios (See Table 3 ). Table 3 . Combination of measures for energy saving in the electric power industry.
Overall framework
Objectives Content Market mechanism To improve energy saving and resource allocation efficiency
Market competition: considering part of energy saving mode under the market mechanism and the market energy saving mechanism based on energy consumption access in the transition stage; Policy mechanism to promote sustainable development To promote sustainable development for energy saving
To make up for the deficiencies of the market mechanism with laws and policies concerning price, tax, market access and withdrawal, "developing large units and suppressing small ones" and shutdown of small thermal power units; Supervision mechanism To supervise energy saving of related parties
To enhance social supervision of energy saving and resource utilization efficiency.
Optimizing Industrial Structure and Encouraging Enterprises to Make Technical Innovations
China's electric power industry has made remarkable achievement in energy saving. The optimization of the industrial structure is an important path to promote the energy saving and emission reduction in this industry. Under the current circumstance that great efforts are being made to save energy and reduce emission, the power generating enterprises should be highly motivated to develop large hydropower bases, accelerate development of large nuclear power bases, optimize large coal power bases and orderly develop large renewable energy source based to improve the overall energy efficiency of the electric power industry in an all-around way. Concerning structure of thermal power generating units, supercritical and ultra-supercritical coal power units should be applied. Continuous efforts should be made to shut down small thermal power units and give play to the function of the market mechanism to further optimize the thermal power structure. The power grid enterprises should spare no efforts to promote energy-saving transformers and eliminate old transformers with high energy consumption to further reduce losses and consumption. In addition, China should also enhance the construction of the technical innovation system for the electric power industry (Mao 2011 ) (See Fig.6 ), to improve overall equipment application and promote sustainable and effective energy saving and emission reduction in the electric power industry. Efforts should be made to modify and improve the measures for pricing of on-grid power generated with renewable energy sources. On-grid power price and related pricing measures should be made based on the characteristics of the technologies to use renewable energy sources such as wind energy, solar energy and biomass energy to generate power as well as the conditions of local resources. Different higher standards for grid connection of power generated with renewable energy sources should be applied for different renewable energy source bases of different sizes. Surcharges on renewable energy power prices may be raised properly to promote a sustainable development of renewable energy sources. Coordination for strategic planning for renewable energy sources should be enhanced, while electric power supervision system should be improved. 
Making Incentive Policies to Motivate Residential Users and Energy Saving Service Companies
First, the government should provide tax deductions and exemptions for upgrading of heating, air conditioning and other large household energy-consuming facilities of private houses to encourage families and individuals to use energy-saving products.
Then, great efforts should be made to encourage efficient and energy-saving equipment manufacturers to establish energy saving service companies or cooperate with other professional energy saving service companies to promote energy-saving products through energy management contracting mode in certain selected sectors or fields. Professional energy saving companies should be encouraged to make technical transformation of enterprises' operation systems and establish alliance for energy management contracting for systematic energy saving improvement. The government should encourage cooperation between energy management contracting companies and banks and other financial investors to strengthen promotion of efficient and energy-saving products and support for energy management contracting projects for systematic energy saving improvement by financial credit.
•Improve policies on price of on-grid power generated with renewable energy sources •Improve power pricing mechanism for trans-provincial/regional Renewable energy transaction •Improve policies on compensation for support services for power generation with renewable energy sources. • Improve the support systems for planning and researches on electric power and renewable energy sources • Make and improve work procedures for planning for electric power and renewable energy sources • Establish integrated coordination mechanism for planning for electric power and renewable energy sources • Improve the mechanism for implementation of plans on electric power and renewable energy sources
• Improve existing policies and laws and regulations and make related supporting laws and regulations • Enhance supervision of priority dispatching of renewable energy sources • Improve information disclosure mechanism and improve transparency of supervision and promote participation of the public •Enhance execution of supervision and punishment
Improvement of supervision system
